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Data and method details {#se0155}
=======================

In higher education, various teaching and learning styles have been observed (Felder and Soloman \[[@bib0005]\]). Keefe \[[@bib0010]\] defines learning style as "being characteristics of cognitive, affective and physiological behaviors that serve as relatively stable indicators of how learners perceive, interact with, and respond to learning environment". According to Felder \[[@bib0015]\], learning style is defined as "characteristic, strengths and preferences in the way they take in and process information". Felder and Brent \[[@bib0020]\] argue that students have different levels of motivation and different attitudes towards learning and teaching. Therefore, recognizing student learning preferences can enhance the ability of faculty to develop and design new learning opportunities (Massey et al. \[[@bib0025]\]) and, at the same time, helps students to improve their learning effectiveness in and outside the classroom (Dembo and Howard \[[@bib0030]\]). The traditional teaching methods include lectures, workshops, and tutorials for the presentation and discussion of ideas. However, the traditional teaching methods has turned out to be obsolete and were created outside the various discipline \[[@bib0040]\]. As indicated by Vassigh \[[@bib0040]\] "the utilization of such strategies does not fulfill the engineering students\' needs and causes them numerous troubles in integrating concepts into their courses." The integrating issues remained as a result of the pressure between imaginative reasoning (the creative side) and specialized perspectives (the engineering for example science and innovation) \[[@bib0045]\]. This was also supported by Ochshorn \[[@bib0050]\] who finds that there is a lack of integration of basic concepts in engineering students' application. A study by Zhang and Sternberg \[[@bib0055]\] argue that many teachers had put accentuation on trying to enable students to learn more effectively to encourage effective learning for students. They propose that teachers could fluctuate their instructional techniques and to consider preferable student learning styles \[[@bib0055],[@bib0060]\].

In the case of learning styles in engineering education, Nepal and Jenkins \[[@bib0035], p. 1\] argue that teaching methods can be grouped "as traditional and modern, where the traditional teaching methods is defined as the conventional lectures followed by tutorial and/or laboratory sessions, while among modern methods, ... the project-based learning (PBL) strategy that is acknowledged as a collaborative, progressive, student-centered, interactive, active and deep learning approach".

This study examines Learning Styles preferences of architectural and interior design students in a private university in Saudi Arabia using the Index of Learning Styles (ILS) developed by Felder and Soloman \[[@bib0005]\].

Data and sample {#sec0005}
===============

As mentioned earlier that the ILS survey was firstly introduced by Felder and Soloman \[[@bib0005]\] in 1999. The ILS works on the following four dimensions of learning styles:•Sensing (concrete thinker, practical, oriented toward facts and procedures) or intuitive (abstract thinker, innovative, oriented toward theories and underlying meanings);•Visual (prefer visual representation of resented material, such as pictures, diagrams, and flow charts) or verbal (prefer written and spoken explanations);•Active (learn by trying things out, enjoy working in groups) or reflective (learn by thinking things through, prefer working alone or with a single familiar partner);•Sequential (linear thinking process, learn in small incremental steps) or global (holistic thinking process, learn in large leaps).

There are 44 questions in the ILS questionnaire, Students were instructed to choose \"a\" or \"b\" for each question; if both \"a\" and \"b\" seem to apply, they should choose the one that applies more frequently to them. For instance, Q1 was: I understand something better after I: a) try it out. b) think it through.

The data were collected from the students of Architecture and the Interior Design program in a private university in Saudi Arabia. The target population was for female students since Architecture and the Interior Design program are offered for female students in that private university. All students were debriefed about anonymity and confidentiality. 150 questions were distributed and 92 usable questionnaires were collected representing 61.3% response rate (See Appendix A and B).

Both programs, there are four level of students: Freshman, Sophomore, Junior and Senior. At the Freshman level, there are some shared courses conceived to build a common core-knowledge in the design field. Starting from the Sophomore level, the courses are differentiated between the two programs. In this study, the main aim is to understand and evaluate the similarities and differences between Architecture students and Interior Design students throughout the four years.

In this study, the clustering approach was conducted on students as items and then on learning styles as variables. Hierarchal clustering techniques conducted either based on series of successive division of the items or based on successive merges. Agglomerative hierarchal methods start with individual objects, the most similar objects are first joined together and these groups, then merged together according to their similarity. While division hierarchal work in opposite way. The initial group is divided into two groups in the sense that the items in each group as far apart as it can be. The subgroups are then divided in the same approach. An agglomerative hierarchal method is used by applying complete linkage clustering. In complete linkage clustering, the similarities between clusters is found according to the similarity between the elements, one from each cluster that are most distant \[[@bib0065]\]. Minitab software package will be used to discover the natural grouping of students' learning styles (or variables) is based on the results of Index of Learning Style questionnaire they provide \[[@bib0065]\]. The quantitative scale on which we measure their learning style is ranged from 1 to 11, as used by Felder and Soloman \[[@bib0005]\].

Experimental design {#sec0010}
===================

[Table 1](#tbl0005){ref-type="table"} shows the representation of each learning style in numerical format as it appears in the dendrogram and cluster formation processes. [Table 2](#tbl0010){ref-type="table"} shows the result output of the variables (learning style) similarities among Architecture and Interior Design students using Minitab software package. It presents the formation of Learning styles variables based on the similarity level between variables (learning styles) as previewed from students' point of view. For example, in architecture at step 1 Cluster 6 (Verbal) is joining Cluster 8 (Global) at 81.93% similarity level, while, cluster 6 is joining cluster 8 in the interior design at 81.32% level of similarity.Table 1Numerical representations of learning style.Table 1Numerical RepresentationLearning Style1Active2Reflective3Sensing4Intuitive5Visual6Verbal7Sequential8GlobalTable 2Learning style clusters for Architecture and Interior design students.Table 2Architictrure StudentsStepNumber ofSimilarityClustersNewNo. obs.1781.9368622668.6026233556.9924244443.5913125337.4217136221.341514710.001218Interior Design StudentsStepNumber ofSimilarityClustersNewNo. obs.1781.3268622671.3426233557.7624244453.2737325344.1513136238.411217710.001518

The dendrogram is formed to connect the learning style variables as shown in [Fig. 1](#fig0005){ref-type="fig"} for architecture students' and [Fig. 2](#fig0010){ref-type="fig"} for Interior design students. [Fig. 1](#fig0005){ref-type="fig"} represents complete linkage dendrogram for similarities among eight learning styles of Architecture students whilst [Fig. 2](#fig0010){ref-type="fig"} shows complete linkage dendrogram for similarities among eight learning styles of Interior design students. This is because architecture students at 81.93% similarity level and interior design students at 81.32% similarity.Fig. 1Complete linkage dendrogram for similarities among eight learning styles (Architecture students).Fig. 1Fig. 2Complete linkage dendrogram for similarities among eight learning styles (Interior design students).Fig. 2

The results therefore indicated that there is no significant difference in learning styles between students of Architecture and Interior design. Students in both programs share learning style of Reflective, Intuitive, Verbal and Global at 57% or higher. While learning styles of Active, Sensing and sequential are shared at level of 43.59% or higher. When referring to questionnaire, it is clear that learning styles of Reflective, Intuitive, Verbal and Global are not students' favorite and Active, Sensing and Sequential are the type of learners' students are. Hence, instructors should deal with teaching methods aligned with this type of student \[[@bib0070], [@bib0075], [@bib0080], [@bib0085], [@bib0090]\].
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